Abstract. The prosthetic knee mechanism should be able to assist amputees during activities of daily living and improve their quality of life. The inertia asymmetry between intact and the prosthetic sides is one of the reasons for amputee gait asymmetry. This paper shows how to calculate the overall inertia properties during the design process.
Introduction
Every year, thousands of lower limb amputations are carried out around the world due to complications of diabetes, circulatory and vascular disease, trauma, or cancer in limb segments [1] . The loss in mobility following amputation results in a degradation of the quality of life of the amputees as it affects many aspects of their personal and professional lives. Lower limb prostheses are used to replace the lost limbs and assist amputees in restoring their missing mobility functions. The current commercial stateof-the-art prostheses can be divided into three main categories: purely mechanical, microprocessor damping control and powered prostheses. Purely mechanical prostheses depend only on mechanical components and require significant mental and voluntary control effort during walking. Microprocessordamping-controlled prostheses are developed with the objective of approximating the human gait functions. These prostheses are equipped with integrated sensors to supply information to a microprocessor which is used to control the prosthesis in real-time. The main task of this type of prosthetic is to support the body weight in the stance phase and provide dynamic control during the swing phase. This group of prostheses was introduced during the 1990s with the release of the Intelligent Knee (Nabtesco), the Intelligent Prosthesis (IP) (Chas. A. Blatchford & Sons), and the C-Leg (Otto Bock). These prostheses are still passive and cannot contribute any net positive power to the gait which limits the amputee ability. Actively powered prostheses, such as the Victhom knee [2] [3] [4] , commercially known as the Power Knee (Ossur) are fully actuated. This group of prostheses can be powered using either DC motors [5] [6] [7] , or pneumatic actuators [8] to provide positive power to the prosthetic limb.
Despite the current technological advances in prosthetics, lower limb amputees still suffer from noticeable gait asymmetry [9-11] and high metabolic energy costs [12] in comparison to healthy subjects. This gait asymmetry pattern occurs due to the inertia asymmetry between the intact and the prosthetic leg [13] and other factors. The prosthesis inertia plays an important role in the gait dynamics especially during the swing phase as in passive dynamic walkers. In order to improve the prostheses performance and design efficient lower limb prostheses, the inertia properties of lower limb prosthesis should be altered without increasing the prosthetic weight to allow more energetic amputee locomotion. This paper focuses on developing a prosthetic knee actuation mechanism and studying the inertia parameters in the mechanism.
Kinematics Analysis of the Proposed Prosthetic Knee Mechanism
In this section, the analysis of the proposed prosthetic knee based on closed kinematics chain mechanism, shown in Fig. 1a , is presented. According to the geometry of the closed loop configuration in Fig. 1a , the screw length is calculated by applying Cosine rule in ∆ as shown in the following equation:
( 1) It is clear that the knee's torque (T k ) and speed ( ) relative to the motor's torque (T m ) and speed ( ) are functions of the mechanism transmission ratio (r), the ball screw pitch (p) and the overall efficiency of the mechanism ( ) as shown in Equations (2) and (3). These relations show that the knee's torque (T k ) will increase when the transmission arm (r) increases, and the knee's speed ( ) will increase when the transmission arm (r) decreases.
.
The transmission arm (r) of the torque arm can be calculated based on the mechanism geometry. By applying the sine rule in ∆ , the transmission arm (r) is calculated as: (4) Where:
: the transmission ratio (torque arm length) of the mechanism, : the length between joints A and C in Fig. 1a , : the length between joints A and B in Fig. 1a , : the angle of in Fig. 1a .
